Objective: The diagnostic value of the addition of alarm symptoms in distinguishing functional from organic gastrointestinal disease remains uncertain. We aimed to establish the value of alarm features in differentiating between organic disease and irritable bowel syndrome (IBS) and functional dyspepsia (FD). Methods: A total of 568 consecutive patients (63% female; mean age 44.7 years) completed a detailed symptom questionnaire and then received a complete diagnostic workup, as required. Questionnaire data were collected prospectively and audited retrospectively; the treating physician was blinded to the results of the questionnaires. Patients were coded and allocated to the following diagnostic groups: IBS, FD, organic diseases of the upper gastrointestinal tract, or organic diseases of the lower gastrointestinal tract. Logistic regression was used to identify the best subset of symptoms that discriminated organic disease from functional illness. Separate models compared IBS (n = 214) with diseases of the lower gastrointestinal tract (n = 66), and FD (n = 70) with diseases of the upper gastrointestinal tract (n = 250). Results: Age (50 years at symptom onset: odds ratio (OR) 2.65 (95% confidence interval 1.4-5.0); p = 0.002) and blood on the toilet paper (OR 2.7 (1.4-5.1);p = 0.002) emerged as alarm features that discriminated IBS from lower gastrointestinal illness. A diagnosis of IBS was typically associated with female sex (OR2.5 (1.3-4.6); p = 0.004), pain on six or more occasions in the previous year (OR 5.0 (2.2-11.1); p,0.001), pain that radiated outside of the abdomen (OR 2.9 (1.4-6.3); p = 0.006), and pain associated with looser bowel motions (OR 2.1 (1.1-4.2); p = 0.03). A model incorporating three Manning criteria and alarm features yielded a correct diagnosis of IBS in 96% and a correct diagnosis of organic disease in 52% of cases. Alarm features did not discriminate FD from upper gastrointestinal disease. Patients with FD were significantly more likely to report upper abdominal pain ); p = 0.002) and significantly less likely to report aspirin use (OR 0.26 (0.1-0.6); p = 0.001). The predictive value of symptoms in diagnosing FD was only 17%. Conclusions: Symptoms plus alarm features have a high predictive value for diagnosing IBS but the predictive value for a diagnosis of FD remains poor. Current criteria for the diagnosis of IBS should incorporate relevant alarm features to improve the diagnostic yield.
Objective: The diagnostic value of the addition of alarm symptoms in distinguishing functional from organic gastrointestinal disease remains uncertain. We aimed to establish the value of alarm features in differentiating between organic disease and irritable bowel syndrome (IBS) and functional dyspepsia (FD). Methods: A total of 568 consecutive patients (63% female; mean age 44.7 years) completed a detailed symptom questionnaire and then received a complete diagnostic workup, as required. Questionnaire data were collected prospectively and audited retrospectively; the treating physician was blinded to the results of the questionnaires. Patients were coded and allocated to the following diagnostic groups: IBS, FD, organic diseases of the upper gastrointestinal tract, or organic diseases of the lower gastrointestinal tract. Logistic regression was used to identify the best subset of symptoms that discriminated organic disease from functional illness. Separate models compared IBS (n = 214) with diseases of the lower gastrointestinal tract (n = 66), and FD (n = 70) with diseases of the upper gastrointestinal tract (n = 250). Results: Age (50 years at symptom onset: odds ratio (OR) 2.65 (95% confidence interval 1.4-5.0); p = 0.002) and blood on the toilet paper (OR 2.7 (1.4-5.1);p = 0.002) emerged as alarm features that discriminated IBS from lower gastrointestinal illness. A diagnosis of IBS was typically associated with female sex (OR2.5 (1.3-4.6); p = 0.004), pain on six or more occasions in the previous year (OR 5 .0 (2.2-11.1); p,0.001), pain that radiated outside of the abdomen (OR 2.9 (1.4-6.3); p = 0.006), and pain associated with looser bowel motions (OR 2.1 (1.1-4.2); p = 0.03). A model incorporating three Manning criteria and alarm features yielded a correct diagnosis of IBS in 96% and a correct diagnosis of organic disease in 52% of cases. Alarm features did not discriminate FD from upper gastrointestinal disease. Patients with FD were significantly more likely to report upper abdominal pain (OR 3.7 (1.7-8.3); p = 0.002) and significantly less likely to report aspirin use (OR 0.26 (0.1-0.6); p = 0.001). The predictive value of symptoms in diagnosing FD was only 17%. Conclusions: Symptoms plus alarm features have a high predictive value for diagnosing IBS but the predictive value for a diagnosis of FD remains poor. Current criteria for the diagnosis of IBS should incorporate relevant alarm features to improve the diagnostic yield. F unctional gastrointestinal disorders such as the irritable bowel syndrome (IBS) or functional dyspepsia (FD) are the most common disorders encountered by the gastroenterologist and constitute a considerable economic burden to the health care system. 123 However, the accuracy of a diagnosis based purely on the presenting gastrointestinal symptoms continues to worry practising physicians. 4 Traditionally, a diagnosis of a functional bowel disorder is based on the classical symptom patterns in the absence of an organic explanation by appropriate testing. Thus IBS is diagnosed when unexplained abdominal pain and bowel symptoms coexist 5 while FD is identified when unexplained upper abdominal pain or discomfort is present in those with normal upper endoscopy. 6 The role of other potential diagnostic criteria remains unclear. 7 There is a limit to the repertoire of gastrointestinal symptoms and hence it is understandable that symptoms alone may not be accurate enough to identify functional from organic disease. However, in the absence of a reproducible and accepted biological marker, symptoms currently remain the primary means of identifying patients in clinical practice and recruiting patients for research studies. Several diagnostic approaches that are based on the patient's symptoms, such as the Manning criteria, 8 the Kruis scoring system, 9 or the Rome criteria, 5 10 have been proposed to assist the diagnostic process. However, the available literature suggests that symptom based diagnostic algorithms, although often used for clinical and research studies, have poor sensitivity. 9 11216 Although diagnostic algorithms such as the Manning criteria or the Rome criteria can discriminate IBS from health or upper gastrointestinal tract conditions, studies do not provide convincing evidence that the criteria can discriminate IBS from organic disease of the colon. 6 17 Moreover, symptom patterns appear to be unable to adequately discriminate organic from FD. 18 Thus in clinical practice functional gastrointestinal disorders are still often identified by exclusion. 19 In daily clinical practice, history taking includes a search for leading symptoms, as suggested by diagnostic algorithms for functional bowel disorders, as well as an intensive clinical search for evidence of organic disease (alarm symptoms or features), such as older age at symptom onset, weight loss, gastrointestinal bleeding, dysphagia, and vomiting. Current guidelines recommend a full diagnostic workup in patients who present with such alarm features.
We hypothesised that a history taking process evaluating both the presence of alarm features and symptom based algorithms might have the potential to increase diagnostic yield and avoid unnecessary diagnostic studies in functional gastrointestinal disorders. Such information would support changing the Rome diagnostic criteria accordingly. In the present study therefore, our aim was to assess the value of alarm features in differentiating organic disease from IBS and FD.
METHODS

Patient sample
All patients who attended a specialist gastroenterology practice (NJT) at the Nepean Hospital in Western Sydney between June 1994 and December 1998 were included in the study. Patients were primarily referred by general practitioners but also by surgeons and other internists. At their first visit, all patients were asked to complete the previously validated bowel symptom questionnaire 22 and were offered a full diagnostic workup, as considered appropriate based on the presenting symptoms. Questionnaire data were collected prospectively in the above mentioned time period. Data were then retrospectively audited.
All functional disorders were diagnosed based on the history, physical examination, and appropriate negative diagnostic tests, including upper and/or lower endoscopy. Before establishing a final diagnosis, physicians were blinded concerning the results of the questionnaire; thus data collected by the questionnaires were not used clinically. The final diagnosis was reviewed by at least one other gastroenterologist and, in cases where there were divergent opinions about the diagnosis, patients histories were reviewed together to arrive at an agreed diagnosis. Patients were excluded if they had not received a full diagnostic workup or had not received a diagnosis of organic gastrointestinal disease, IBS, or FD. Alarm features, gastrointestinal symptoms, and possible risk factors (non-alarm featuresthat is, pain based symptoms, bowel symptoms, other abdominal risk indicators, and non-gastrointestinal risk factors) were considered for analysis; these are summarised in tables 1 and 2, respectively.
Statistical analyses
Prevalence estimates are reported for all symptoms and for all disease risk factors, stratified by diagnostic group membership; univariate associations were assessed using Pearson's x 2 test. Two sets of a priori comparisons were performed-IBS versus organic illnesses of the lower gastrointestinal tract, and FD versus organic illness of the upper gastrointestinal tract.
Logistic regression was used to assess the value of alarm features in discriminating functional disorders from organic disease. Separate models were developed for lower gastrointestinal illness (versus IBS) and for upper gastrointestinal illness (versus FD). Alarm features were entered into a regression model, and backward stepwise elimination was used to identify the best subset of symptoms that predicted a diagnosis of organic disease. The best subset of non-alarm feature items (that is, pain based symptoms, bowel symptoms, other abdominal risk indicators, and non-gastrointestinal risk factors) was then identified using an identical approach. Unadjusted and adjusted odds ratios for alarm features are reported.
The logistic regression model was based on symptoms. Symptom families were created and consisted of three groups: (i) alarm features; (ii) non-alarm features; and (iii) other symptoms. Identified within each family was the best subset of predictors using backward stepwise logistic regression. The three best subgroups identified underwent a further backward elimination to identify any significant effects. We recognised that using this regression procedure there was an increased probability of a type I error, and thus we elected to set a more stringent cutoff (p = 0.05) for inclusion in the model as a method of controlling for any potential type I error.
There was no sample size calculations performed for this study initially as it was based on an opportunistic sample of patients in a gastroenterology practice. However, a retrospective power calculation was performed, based on the sample required to assess effects at a 5% alpha level with 80% statistical power: effect sizes were estimated to reflect both protective and risk factors assuming a range of prevalences (table 2) . Based on the available sample for this study, an effect size (odds ratios) in the range 0.11-0.39 was detected for protective factors, assuming no correlation between predictive items; this ranged from 0.00 to 0.22 when a high correlation was assumed between items (that is, r = 0.5). Corresponding ranges for risk factors were 2.12-3.15 (uncorrelated) and 2.80-4.82 (correlated). Hence the study was sufficiently powered. An alpha level of 5% was applied in the univariate analyses, and was set as the cutoff for elimination during both stages of the modelling process. Regression analysis included as candidates all items that were significant in the univariate tests.
Table 1 Prevalence estimates for gastrointestinal (GI) diagnosis according to GI alarm symptoms
Lower GI disease v IBS Upper GI disease v FD Lower GI organic disease (n = 66) (%) IBS (n = 214) (%) Upper GI organic disease (n = 251) (%) FD (n = 70) (%)
RESULTS
Patients
In total, 806 consecutive patients entered the study. Two hundred and thirty eight patients were excluded in accordance with the following criteria: n = 89 had functional illnesses that did not meet the Rome II criteria for IBS or dyspepsia; n = 103 had not been given a final diagnosis and as patients did not undergo all diagnostic procedures that were considered necessary, a common diagnosis could not be arrived at (n = 4); n = 39 had non-gastrointestinal disorders; and n = 7 were diagnosed as normal. A further 92 subjects were excluded due to missing data. The final sample consisted of 568 patients; 212 were male (37.3%) and 356 were female (62.7%). Mean patient age was 48.1 years (SD 16.01). Males were significantly older than females (49.6 (16.2) v 47.3 (15.9) years; p = 0.03).
The distribution of lower gastrointestinal organic diagnoses were inflammatory bowel disease (n = 23), other types of colitis (n = 9), diverticular disease (n = 9), colon cancer or polyps (n = 11), anal disease (n = 5), faecal incontinence (n = 2), intestinal pseudo-obstruction (n = 2), drug related diarrhoea (n = 3), connective tissues disease (n = 1), and lactose intolerance (n = 1). Upper gastrointestinal organic diseases were peptic ulcer (n = 29), gastro-oesophageal reflux diseases (n = 148), other oesophageal diseases (n = 8), other gastric diseases including motility disorders (n = 14), coeliac disease (n = 9), liver or gall bladder disease (n = 33), pancreatic disease (n = 2), and postoperative syndromes (n = 7). Overlapping diagnoses were reported in 40 cases. These involved a diagnosis of organic disease (upper and/or lower) in conjunction with IBS, dyspepsia, or both. Patients with overlapping diagnosis were coded as organic gastrointestinal disease in preference to functional illness, as appropriate. For example, three patients had a diagnosis of see table 3 ; unadjusted models). The odds of organic disease were increased among those aged more than 50 years (odds ratio (OR) 2.65 (95% confidence interval (CI) 1.41-4.97); p = 0.002) (the age cutoffs of 45 and 55 years were not considered in the modelling procedure) and among those who reported blood on their toilet paper (OR 2.70 (95% CI 1.42-5.13); p = 0.002). In contrast, the odds of organic disease were reduced among females (OR 0.40 (95% CI 0.22-0.75); p = 0.004) and among patients who reported severe pain (OR 0.46 (95% CI 0.25-0.85); p = 0.014).
Non-alarm features
Other symptoms that are generally not considered alarm symptoms were also assessed for their value in discriminating lower gastrointestinal organic disease from IBS (table 2) . Abdominal pain and some of its associated features also discriminated lower gastrointestinal disease from IBS in univariate tests. Both upper and lower abdominal pain were typically more common in patients with IBS (upper abdominal pain 62.6% v 37.9% (p,0.001); lower abdominal pain 79.9% v 66.7% (p = 0.03)), as was pain that radiated outside of the abdomen (43.0% v 15.2%; p,0.001). Patients with IBS were also more likely to report a duration of abdominal pain of greater than two years (56.5% v 36.4%; p = 0.004), pain on six or more occasions in the past year (93.9% v 66.7%; p,0.001), and pain episodes lasting more than 30 minutes in duration (76.6% v 48.5%; p(0.001). Pain relieved by bowel movements and by eating was more common among patients with IBS (bowel movements 55.1% v 33.3% (p = 0.002); eating 19.2% v 7.6% (p = 0.03)), as was pain associated with looser stools (50.0% v 30.3%; p = 0.005).
Two of eight bowel symptoms discriminated lower gastrointestinal disease from a diagnosis of IBS. Incomplete evacuation was more common among patients with IBS (72.4% v 57.6%; p = 0.02), and diarrhoea was more common among patients with lower gastrointestinal disease (18.2% v 8.9%; p = 0.04). Similarly, patients with the IBS were more likely than those with lower gastrointestinal disease to report other gastrointestinal symptoms, including nausea (39.3% v 22.7%; p = 0.01), acid regurgitation (23.8% v 9.1%; p = 0.009), and bloating (75.2% v 53.0%; p = 0.001).
Patients with IBS were more likely to report a childhood history of abdominal pain (26.6% v 12.1%; p = 0.02) and regular paracetamol (acetaminophen) use (19.6% v 9.1%). In contrast, patients with lower gastrointestinal disease were more likely to report any alcohol use (69.7% v 53.7%; p = 0.02).
Logistic regression identified five non-alarm feature items that were significantly related to a diagnosis of lower gastrointestinal disease (see table 3 Alarm features: adjusted model Table 3 shows the effects of alarm features on a diagnosis of lower gastrointestinal disease following adjustment for significant (non-alarm) predictors (see adjusted models). Three of four alarm features from the unadjusted model remained significant after adjustment for the effects of nonalarm items: these included the age cutoff of 50 years (OR 2.96 (95% CI 1.47-5.94); p,0.002), female sex (OR 0.43 (95% CI 0.22-0.86); p,0.02), and blood on the toilet paper (OR 2.19 (95% CI 1.06-4.52); p,0.03). Severe pain was no longer significant after adjustment for non-alarm items (OR 0.85 (95% CI 0.42-1.74); p.0.05). Table 4 shows the classification statistics for the various models of lower organic disease versus IBS. These allow the predictive value of the alarm features and non-alarm items to be assessed. The predicted values reflect the diagnosis expected on the basis of the model while the observed values reflect the actual diagnosis given.
The model containing alarm features alone (model 1) correctly classified 92.5% of patients with IBS and 31.8% of patients with lower gastrointestinal disease. This was improved in the model containing only non-alarm feature items (model 2), with correct classification occurring in 95.3% of cases with IBS and 36.4% of cases with organic disease. However, the best discrimination was provided by the model that contained both alarm features and non-alarm feature items, with correct classification occurring in 95.8% of cases with IBS and 51.5% of cases with organic disease. Inclusion of the Manning criteria improved the classification statistics slightly, but only when the cutoff was set at three or four of the six Manning symptoms.
Upper organic gastrointestinal disease versus FD
In total, n = 321 patients were available for the comparison of organic diseases of the upper gastrointestinal tract with FD. Mean age of these patients was 47.7 years (SD 15.0); 54.8% (n = 176) were female.
Alarm features
Only one of sixteen alarm features discriminated upper gastrointestinal disease from FD (table 1) . Patients with organic upper gastrointestinal disease were significantly less likely than those with FD to report decreased appetite (16.3% v 28%; p = 0.02). This translated to a crude odds ratio of 0.49 (95% CI 0.26-0.91); p = 0.02) for a diagnosis of upper gastrointestinal disease among those who reported decreased appetite (see table 5 ; unadjusted models).
Non-alarm features
Three pain based items discriminated upper organic disease from FD in univariate tests (see table 2 ). Compared with patients with FD, those with organic disease were significantly less likely to report upper abdominal pain (66.1% v 88.6%; p,0.001), pain on more than six occasions in the previous year (64.5% v 82.9%; p = 0.004), and pain that radiated outside of the abdomen (27.5% v 40.0%; p = 0.04). Patients with upper gastrointestinal disease were also less likely to report constipation (3.2% v 10.0%; p = 0.02) but were significantly more likely to report heartburn (55.0% v 41.4%; p = 0.05). Aspirin use was significantly more common among patients with organic disease (33.1% v 11.4%; p,0.001) and paracetamol use was more common among those with FD (78.6% v 66.1%; p,0.0001).
Logistic regression identified five non-alarm feature items that were significantly related to a diagnosis of upper gastrointestinal disease (see table 5 : unadjusted models). The odds of a diagnosis of organic disease were significantly lower among patients who reported upper abdominal pain (OR 0.27 (95% CI 0.12-0.60); p = 0.002), constipation (OR 0.28 (95% CI 0.09-0.89); p = 0.03), and paracetamol use (OR 0.47 (95% CI 0.24-0.92); p = 0.03). In contrast, the odds of a diagnosis of organic disease were higher among patients reporting heartburn (OR 2.12 (95% CI 1.19-3.79); p = 0.01) and aspirin use (OR 3.84 (95% CI 1.68-8.75); p = 0.001).
Alarm features: adjusted model
Following adjustment for the significant (non-alarm) predictors, decreased appetite was no longer a significant predictor (OR 0.56 (95% CI 0.29-1.10); p = 0.09; see table 5, adjusted model). However, comparisons of the model statistics indicated that case classification was better when this alarm feature was retained (table 6). The model containing non-alarm feature items alone correctly classified only 8.6% of patients with a diagnosis of FD. This improved to 17.1% for the model which included decreased appetite and the non-alarm features. Both models correctly classified patients with organic disease in 99% of cases. 
DISCUSSION
The presence of alarm features in patients with symptoms suggestive of IBS should shift the physician's differential diagnosis towards structural or inflammatory conditions based on the present results. However, the present data demonstrate that the actual diagnostic yield of most of the alarm features assessed is limited when the Manning criteria are taken as the basis of the diagnosis. While in IBS certain alarm features, including age, sex, signs of rectal blood loss, and severe pain, had some value in discriminating IBS from lower gastrointestinal organic disease, alarm features were of little help in discriminating FD from upper gastrointestinal organic disorders. Although only four of the evaluated alarm features were significant discriminators of functional from organic lower gastrointestinal diseases, our results suggest that a symptom based diagnosis, combined with a limited amount of alarm feature data, improve the diagnostic yield of the history, as captured by a questionnaire. Our data also suggest however that alarm features are the most important factors for a diagnosis of IBS. In the absence of alarm features, IBS was correctly identified in 93% of cases. When non-alarm features and Manning criteria were added, the diagnostic accuracy only increased slightly to 96%.
The development of criteria to positively diagnose functional bowel disorders has evolved since the Manning criteria were first described. 8 Kruis et al developed a different scoring system that included key gastrointestinal symptoms but also incorporated the results from a physical examination and basic laboratory tests. 9 As both the Manning criteria and the Kruis scoring system have shown unsatisfactory sensitivity and the Kruis scoring system has proved to be too cumbersome for clinical practice, 23 there have been a number of adaptations, with the Rome symptom based criteria being the most recent and widely accepted. The Rome II criteria primarily incorporate three of the Manning criteria although both diarrhoea and constipation are coded. 5 10 In a study by Vanner et al of the Rome I criteria, they found a sensitivity of only 35% in diagnosing IBS. 20 However, when alarm symptoms were included in the diagnostic workup, sensitivity increased to 63% with a specificity of 100%. 20 In a prospective arm of the same study, the Rome I criteria in combination with alarm symptoms had a positive predictive value of 98% in diagnosing IBS. In our study, the presence of three or four Manning criteria in combination with alarm symptoms similarly had a very high predictive value of diagnosing IBS (96%), although the predictive value for diagnosing organic disease was poor, in part reflecting the heterogeneity of this category.
The present study had some limitations. There may have been less organic diseases in the sample and less cancers than would have been ideal for analysis. Few patients for example were found to have cancer, reflecting referral selection forces. Slightly more than 50% of patients had a diagnosis of organic disease while the rest had a functional bowel disorder. However, most patients with organic disease had symptoms that were judged to be most likely explained by the underlying condition. Another potential limitation of the present study is that we did not evaluate all possible alarm features but only those included on a validated questionnaire; the value of these other alarm symptoms cannot be determined here. Confirmation of the results we obtained with the IBS group model will require another study with a larger group of IBS patients. We considered undertaking a split half analysis to assess the reliability of our model and results. However, when using a split half method, a sufficient number of samples are needed and the groups in our study were not of adequate size for such an analysis.
A previous study evaluated whether extensive diagnostic testing might improve the diagnostic yield in IBS. 24 Laboratory tests, including erythrocyte sedimentation rate as well as stool tests for microorganisms, provided no increased diagnostic yield in the study. The authors concluded that these diagnostic tests should not be part of the routine evaluation for IBS unless there is a specific clinical indication from the history or physical examination. Although we did not assess the value of laboratory tests in the diagnostic workup of functional bowel disorders, our results show that history taking alone has a high positive predictive value, and suggest that laboratory tests will not add much to the diagnosis of IBS. Newer tests to document colonic inflammation may be useful; Tibble et al recently showed that faecal calprotectin was of value in the differential diagnosis of functional versus organic gastrointestinal disorders in a tertiary referral centre 25 although the authors did not include alarm features in their evaluation of intestinal disease.
In patients presenting with dyspepsia, recent data have suggested that the presence of alarm features may increase the probability of identifying peptic ulcer disease or cancer. 26 While only a minority of gastric cancers develop before the age of 55 years in Western countries, alarm features are present in 96% of these younger cases. 27 However, when cancer presents with alarm features, the disease is advanced and usually incurable. 28 In primary care, approximately 12% of patients with dyspepsia present with alarm features and most do not have cancer. 29 On the other hand, the majority of patients who develop cancer or peptic ulceration do not present with alarm features at the initial consultation in primary care. 30 31 Indeed, the presence of alarm features in dyspeptic patients was associated with a low positive predictive value and a high negative predictive value in one study. 30 Our data reflect a secondary care setting, and demonstrated that a symptom based diagnosis had a very poor positive predictive value for FD. Even in the most favourable model, only 17% of patients with FD could be correctly classified based on symptoms. Our study thus supports other data from a multicentre database 32 and a secondary referral centre 33 that evaluation of alarm features fails to satisfactorily improve the diagnostic yield of symptoms in FD.
In conclusion, the Rome criteria have standardised the field of functional gastrointestinal disorders and promoted new clinical and epidemiological research. Our results, as well as those of Vanner and colleagues, 21 allow us to conclude that the Rome criteria and Manning criteria identify fewer patients as having IBS than are diagnosed by clinicians, suggesting a need to adjust the current diagnostic guidelines. However, we suggest that the Rome criteria for IBS should be expanded to include key alarm features. In contrast, the symptom criteria for FD should be modified to include specific alarm features, and unfortunately this condition still remains a diagnosis of exclusion.
